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MASS DETONATION HAZARD ASSESSMENT FROM 

VIOLENTLY DEFLAGRATING MUNITIONS 

M. Chick, T.J. Bussell and L. McVay 

Materials Research Laboratory 
Melbourne, Victoria, Australia 

We report on an investigation aimed at assessing whether the controlled, 
violent deflagration of Composition B loaded 105 mm shell can lead to 
the detonation of nearby rounds. Tests were grouped into 3 categories; 
single deflagrating donor - multiple acceptor arrays, projection of  
acceptor shell by a deflagrating donor and its impact on structural 
surfaces and multiple impacts causing transient interactions in acceptor 
shell. -Trials were conducted with shell without boosters and fuzes, 
shell with boosters and plugs representing fuzes and recovered, damaged 
rounds. - 

Acceptors were recovered intact but with flattened faces and cracked 
fillings with no signs of reaction. No detonations were recorded. 
Separate-experiments with single shell indicated that when low order 
reactions were deliberately stimulated in part ofthe filling then a 
deflagration to detonation transition could occur. 

Consequently our results do not support the processes occurring in the 
deflagrating donor/acceptor tests, as contributors to the mass detonation 
hazard of Composition B loaded 105 mm shell. 
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D 1. INTRODUCTION 

Evidence presented by Frey et a1 [l] and Stosz [2] has shown that mass 
detonation can result from reactions other than the shocks generated by 
detonating donor rounds. Some of these events take several milliseconds 
El] and are therefore not associated with shock initiation. The details 
of the origin and growth of these reactions are not understood. It is 
not surprising therefore that tracking down the causes of mass 
detonation in large munition arrays has proved difficult and has lead to 
the need to design simplified tests to evaluate candidate processes. TO 
this end we have been investigating the likely consequences emanating 
from a donor shell undergoing a violent deflagration while positioned in 
various munition arrays. The arrays were designed to reproduce 
conditions encountered during munition storage and transport. Our 
investigation utilises a recently developed technique that allows the 
production of a controlled deflagration of a munition without the 
possibility of a transition to detonation invalidating the result [3]. 

Our aim is to investigate a range of munition types. The first part of 
the program has been undertaken using Composition B loaded 105 mm shell 
because of its availability and widespread use. 
planned using munitsions with thinper casesIand a higher ,explosive charge I 
case mass, ratio. 1 1  . . .  . 

, <,: ' : i :  ; '.: 2 : I  I : '  ' 

This' paper presents; .th,e res,ult.s; ,o$, !our, ,i.nveistigat:ion using 105 mm shell. 

Further testing is 

, I  . ! , . , . ) i ,  . ,  . :  , 
, "  
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2. TECHNIOUE FOR: PRODUCING CONTROLLED DEF'LAGRATING DONOR SHELL 
. :  , .  p . . :  ' . I  , ( 3 .  , /  

D 
The technique. f0 .F violent,ly defl 
of firing a shape& charge. jet;, alo,qg . t ! e  pXisi of. the round with a 
velocity below the threshold, to proddce detonation of ,the filling. 
this way the. reaction produced in and behind the bow wave, set-up in 
front. of the. .penetrat.ing jets sweep.s through the 1,ength of  the filling 
leaving,no bulk explo,sive for. a'deflagra,tion to detonation transition. 
Detonation does not. qesult d'iFec,tl.y f.rom the bow wave ,since the 
pressure- time. profile is. subc.ritical., ; Criteria for the .jet initiation 
of explosive fillings has been discussed in detail elsewhere [ 4 , 6 ] .  

The application of the technique to a ,Composition B filled 105 mm HE M1 
donor shell is shown in Figure 1.and summarised below. 

The MRL 38 & diameter shaped charge was used in the tests since there 
is a considerable data base on its.effect on munition fillings [4-61. 
This shaped charge contains a conventional copper liner with a 42" apex 
angle. 
charge .diameters' stsndof f :through a s.te,el: barrier, of appropriate 
thickness placed in contact w.ith the shell case. 
of the stee1,barrier (T) was determipe&,from the known criticail jet 
velocity for the de.t.onation thre;skol$ :(V.), using ,,the Dipersio/Simon 
equation :(73 'to' balcGlate the tota.1: thic$n&si of ,steel .required and 
Subtracting! the's'casei Ithich.es,s att $he ijelt, entty position; . ! 

'5 mm,shell [31 consists 

In 

I . * .  

, .  . ; ,  , . .  I . ! ,  

The subcritical jet velocity was produced by firing the jet at 2 

'The minimum thickness 

, ! .  i : , :  
b ' I  
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where s the standoff from the shaped charge to the top of the steel 
barrier, ~ ~ ~ 

Vt the velocity of the jet tip, and 

y the square root of the ratio of the 
steel barrier and jet densities. 

For the, 38 mm diameter shaped charge jet V- was adjusted downwards to 
take account of the effect of the 105 mm dell side confinement on the 
Composition B filling, determined as 4.85 km/s 181: this was equivalent 
to a total steel thickness of 72.5 mm. Since the thickness of the steel 
case at the jet entry position was 17.5 mm, a minimum of 55 mm of extra 
steel was required. The side confinement also holds the explosive 
together thereby assisting the deflagration process- 

Characteristics of a defslqgraqing I 
may be important in a rnabs: 

sition B filled 105 mm shell that 
azard assessment have been 

determined and are sumrnalrised 'below. 
Figure 2 and were dgsperked over an a e a  of about 350 m radius. 
are.considerably larger and show different frarture-patterns compared to 
those recovered form a detonating round , see Figure 3 .  The witness 
block under the nose of the shell exhibited no indentation but had the 
compressed'remains of the booster can stuck to it. A detonation 
produced a well formed dent. 
25% less than for a detonating round. 
that initial shell burst occurred in the region of the driying band 
after an eypans-ion of about 30% of a shell diameter (i:e 15 mm increase 
in shell radius). 

Initial jet penetration velocities through the filEng can be varied by 
adjusting, the thickness of the added steel barrier gn the base of the 
shell; the value selected for the tests was 3 km/s, Since the bow wave 
is coupled to the jet, and reaction occurs within the bow wave, it is 
assumed that the deflagration velocity will have a similar value. This 
high reaction velocity and the characteristics measured above confirm 
that our msts are studying the effects from a particularly violent type 
of deflagration, 

kcovered fragments are shown in 
They 

Peak overpressure was measured at about 
High speed photography showed 

t- ; I  . 
3 .  S I N G L F  DONOR-MULTIPLE ACCEPTOR TESTS 

I 1  

The direct effect of ,the expanding case, fragment impact and blast from 
a deflagrating donor"round on adjacent shell was determined using the 
Set-up shown in kigure 4 .  'These tests were based on the methods used at 
BRL by Howe [ 9 ]  €or studying ,the effects of detonating donors. Acceptor 
standoff =stances ware 0,10,2S and SO*mm as measured from the driving 
bands. In spme*wf t ~ e  tests>large fibxeboard packs were placed 1 m from 
the shell=fbr*controlled recovery, in other tests the shell were 
recovered after Zree'flight and impact with the ground. Tests were 
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performed on shell with no boosters and fuzes (2 shots), shell with B 
pressed flake boosters and plugs representing fuzes (PRF) (1 shot)iand. 
recovered, damaged shell (1 shot). Four shots were fired in which all 
acceptors were in contact with the donor. 

A test was performed using the set-up in Figure 5 to assess the effect 
of shell jostling. 
and backed by a 25 nun thick steel plate and supporting sandbags. 

The donor and row of acceptor shell were in contact 

In the tests in this and sections 4 . 0  and 5.0 the type of event was 
determined from witness block indentation, recovered fragment 
characteristics, impacted surface damage and in some tests, 
instrimentation records (overpressure, high speed photograph). Some 
donor rounds included probes on either, side of the steel barrier as a 
check on the performance of the shaped charge jet. 
were detected. 

No substandard jets 

All donor rounds deflagrated as planned. 
without the boosters and fuzes form the Figure 4 type firing set-up were 
flattened on the side:adjacent to the donor, see Figure 6. 
bands were either. dislodged, or distorted.: Aluminium boostes c,ans:'bere 
crumple&!buc. in;position; wheq removed they showed tdat,. the I f i;ll.iqg was 
cracked. without signs. qf reacgiop,. 
fiiling to shock type stimuli was assessed by determining the critical 
jet velocity f?r,ithe detqnation threshold, using the 38 mm diameter 
shaped!charge:; The crititca.1 value of 4:.8: km/s compares to, a v.alue of. 

Recovered rounds with boosters and PRF exhib.ited similar,damage with the 
addition that the plugs were, bent, ,see Figure 7 .  
recovered, shell produced leases with, two flattered faces ,' no driving 
bjmps,,,,; dislodged or badly dis;torted booster cans and a ,  fil.l,ing with 

Acceptor, &ell from the shot where they were placed !in a row (Figure 5) 
were recovered intact within 1 m of ground zero. The acceptor adjacent 
to the.donor showed similar damage to that described aboye. 
acceptors showed progressively less damage as the original: position 
moved away form the donor i:e the clloser rounds. appeared to act ag,a. 
buffer'. for this type of impact., 

The tests from! this section suggest that' the effect of case expans'ion, 
fragment.dmpact.and blast from a deflagrating Composition B loaded 105 
mm shell.8ean inflict severe damage on neighbouring rounds without being 

Recovered acceptor shell 

,Driving 

The increased sensitivity of the 

1 
, : ,  5 . 2  @/S for the undamaged material, . , .  

. .  

Repeat,..firings using 

extensive ,cracking but-inq~ signs of reaction. , 

: I  
, .  . *  . .  

I .  

The other 

. .  , .  , - .  

. .  
, .  . , the d4rect:FausePof mass ;detonation. . I  

4.. 'A~~C&TOR SHELL PRoJECrIoN *AD IMPACT TESTS 
./ , , '  

' ( .  
; I '  , ; .  : . ,  . . , ? ,  

I . . .  . 
I 

, 
, ,  : :  . " . .  

I , 1 1  

ere undertaken to. ,assess the hazard firom, the impact' of 
11 on hard gtructural: surfaces. A potential: so,urce for 
event' wbuld :be. from9 aideflagrating. donor: shell: ejectcibg 
rdunds; k$en :located in a munition stack duking s,to.rage 

(temporary 'or permanent) iand transport. 
would inclhde.concrete,and steel: 
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The velocity of a projected acceptor from a deflagrating donor shell was 
measured at 40 m/s using multiple glass break screens 1111. This value 
is considerably lower than the critical fragment impact velocities of 
several hundred metres per second and upward reported by Howe et a1 [ l o ]  
using a mnge of fragment sizes and Composition B with a steel cover 
thickness of 10 mm. The 105 mm shell case has a similar thickness along 
its central section. In our tests anif for the type of ':rent under study 
however the filling in the shell prior to impact would be damaged as a 
result o€ the deflagration projection process. This was shown in the 
examination of the fillings from the soft recovery tests described in 
Section 3.0  and critical jet velocity tests confirmed the accompanying 
increased sensitivity. A further feature of our tests is that the 
shell/target impact represents a fragment size beyond that reporte-d in 
Reference 10. ~ ~ 

The test1set-up is shown in Figure 8 with the concrete target positioned 
2 m from ground zero. Firings were undertaken with shell without 
boosters and fuzes, recovered damaged shell and shell fitted with 
boosters-and a PRF. Separate tests were conducted with unboostered 
shell in which the, concrete block was used to support a 10 mm thick 
steel. plate. 

A l l  donoirs deflagrated as. planned and p,rojected, ro&ds yere recovered 
damaged but. iptact. 
s.imilar &fecCs. I + The acceptor. ro,unds had a f lat;t$ze.d,' a,r& 0.n. one corner 
with surface marks continuing along the length of,;th+ case. This, type 
of corner.-side s l a p  on' the target was compatible 'with', the shape pf the 
impressim formed. by the'shell. impact ,on the fibreboard packs. in', the 
soft recovery, experiments reported in- Section 3 .o.-- Visual inspection 
showed the filling cracked hut there was no signs of reaction. Rounds 
with a bmster and PRF were ljkewise damaged plus 'the plug :was bent. 
The experiment with damaged acceptors produced a second flatttehed face 
but the round remained intact; this retesting of damaged shell may be 
considera a worse case situation. 

It is comluded that the prore-ction of Composition B loa&d .lo5 mm shell 
at velocities likely to be encountered ,from a neighbouring round 
undergoing a violent deflagration is unlikely to be the direct cause of 
a mass detonation.. Our study has not addressed .the impact of a shell 
psojected- by a detonating donor where higher flight velocities may be 
achieved - .. 

5 .  TRAN5IENT INTERACTIONS I N SHELL FIJaLI NGS 

Tests,.in: this category were, design,ed to assess w&ti,her transient 
interactions within the lexp,losii;ve filling would . prbmote .- . a def lagration 
to detonatibn transition (DDT). 
of two rounds deflagrating either simultaneously or within a.limi.ted 

Fr? the. 'test shown .in pigpre 9' the. central. acceptor 'wa,s, s&bje+cfed: to the 
simultaneous.impact fkomltwo adjacent deflagrating .donors. . .  For the 
Set-uP in.FigUfe 10 tko shell were deflagrated within a predetermined 
time interval. 

~~ 
~ 

~ 

. .  . ,  , ,  . - , '  

Both the steel an& concrete: tdrqets produced 

~~~ 

~~~~~~ ~~ ~ ~~ 

-~ ____ .- - ... 

~~ 

I 
~~~~ 

~~ , . :  2 
/ ,  . 

Such interaction bay arise as a result 

I .  
i '  

time, frape of: one anokher. . 
. <,. . , .  t .  . . I  

Thus ,the expanding case from the first shell deflagrated 
1 

' 1368 
' I  . - 
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impacted on 
compress ion 
filling and 

the second shell. The time delay was to allow the 
wave from the case impact to pass through the explosive 
interact with the deflagrating front sweeping through the 

second shell. The concept is illustrated by the sketch in Figure 11. 
Experiments were conducted with time intervals of 1 6 ,  19 and 100 ps. 
For the shorter time intervals the deflagration fronts were calculated 
to be about 50 mm apart. Thus the effect of case interaction was 
expected to occur after both deflagrations were well established. Jet 
penetration equations and measurements [ 4 , 6 , 7 ]  gave an estimated time 
for the jet to traverse the Composition B filling in the 105 mm shell of 
9 2 ~ s .  Consequently the 1 0 0 ~  time interval set between the 
deflagration of the two shell was designed to allow the compression wave 
resulting from case expansion and impact of the first shell to form a 
wide front prior to its interactiontwith the deflagration in the filling 
of the second shell. 

The baffle in Figure 10 was designed to avoid the blast and 
fragmentation from the first shaped charge detonated moving the second 
shaped charge. 
wa1,ls:Q.f the, .bafbfle .(they were symmetrical with respect to one another) 
pndl,,FpeZ 6,et pehetk-ation holes. in the recovered steel barriers (central 
ak{g*enti, an@!noi ,key hol$ng) ind,icated there was no interference between 
;t&e,,,sil;lape,d, Charsexi .- . ;Th,ijs. conclusion was: supported by the Hycam 
$$+okpgs$phy #records 4;t;akqn at, between 35,000 and 40,000 pictures @er 

Examination of the blast and fragment patterns on the 

I 

! , ! ,  > i  I .  , 

simultaneous impact experiment was 
.re!coverpd,&tt+cti w h h  two f,lactened f,aces ,I no, driving bands, and a 
cracked fillimg.rg. Agaiin visual: >inspection showed, no signs of reaction. 
rb  $he d.eli~ye~,idtk.~a/ction !experiments a.11 shell deflagrated without . 

.$e$pn~tio~' .odchrl~?ng., j  
ap,s,dF,nce; that,] this type ,of; ,transient, interaction within the .filling may 
beIra kontributing process to a mass .detonation hazard of Composition B 
lpaded .lo5 tnb 'shell. ' 

f Cons,equently these tests failed to provide any 

6 .  DEFLAGRATION,TO DETONATION IN SINGLE SHELL TESTS 

Othec,experimentk inyestigating the response of Composition B loaded 105 
nun shel? to,s'hapk& cf+arge,jets have produced DDT. 
,"Fr,i,th; a.ubcFitlical: weflucities ;.(for detonation) in the range 2.8 to 5..0 
&i/.s;,ive.re $&red acrods the, diameter, of the shell towards the nose end of 
htfhe '@l,lJng,,l..butd hot iclose t.0, thef booster cavity. , '  Four shots out, of ,12 
ip'ropuce,di . I :  . :  .a DDT' at! the, bise end .of the shell - this was clearly evident 
,Y,.r,orq!.the changing inqentation pattern along the steel witness plate. 
Penetration holes in!the case from these jets are 10 mm diameter and 

"" 3 i I ,  , . ; 

In these tests, jets 

st.imulated by the jet cannot, effectively 
p,re@sure b.ui1.d-up promote,s #a DDT in the large 

:re.a!cfion .has: been stjliplulated In 
,thF!potent;i,al exists afo,r,,a q s , s  

$the 'impact. and interackion 

towarid,s !the; shell .base. .These results 

4 ,  

jAowi.order, r,eaction. 
1 :  

i ! i , ' :%369,  i :  i 6 

! ; I '  ' 
' ; $  i I , * !  ; I  ( . I ! , '  i 8.3 ' f j ! . !  ' . . I  ..:: : I ,  : . .  . ; I  . /  
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7 .  $0 NCLUSIONS ~ 

Deflagrating donor, Composition B loaded 105 mm shell without boosters 
and fuzes did not cause the detonation of adjaeent rounds in the 
following types of test; 

~ 
~~ 

(a) single donor - multiple acceptor array 
(b) --acceptor projection (at 40 m/s) and impact on 

(c) simultaneous double impact on an acceptor, 
(d) 

concrete and steel targets, 

interaction between two deflagrating rounds. 

Trials using tests fa) and (b) with recovered, damaged shell and with 
shell containing boosters and plugs representing fuZes also did not 
produce detonations. 

Consequently the processes in these tests are not supported as 
contributors to the mass detonation hazard of Composition B loaded 
105 rnm sheil. SeparatFDDT exwrlments on single shell suggest this is 
because the impact and interaction processes did not produce the initial 
low order reaction. 

1 1  
I /  & 8. AC RNOaEDGEMENTS I 1  i 

~ 
~ 

We should like to record our gratitude to the Commanding Officer and 
support personnel of the Army Proof and Experimental Establishment 
(P&EE) Graytown, Victoria, for assistance with the field firings and 
ensuring the ready availability of support resources. 

9 .  

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

REFERENCES 

Frey-R.B, Watson J . ,  Gibbons G, Boyle V. and Lyman 0.. "The 
Response o f  Compartmentized Ammunition",b Prgceedings of the Joint 
Government Industry Symposium on Insensitive Munitions Technology, 
NSWC, White Oak, Maryland, US, March 1990. 

Stosz  M. Private Communication 1987.  

Chick M.tand Bussell T.J. Paper in course of publication. 

Chick M. and Hatt D.J., "The Mechanism of the Initiation of 
Composition B ,  by a Metal Jet", Proceedings of the Seventh 
Symposium (International) on Detonation, NSWC MP 8 2 - 3 3 4 ,  1981. 

Chick M., MacIntyre I.B. and Frey R.B., "The Jep, Initiation of 
Solid Explosives", Prbceedings of the Eighth Sympositp 
(International)-on Detonatibn,tNSWC MP 86-194, 1985. 

Chick Fi., Bussell T.J., Prey R.B. and Bines A , ~  "Jet Initiation 
mechanisms and Sensitivities of Covered Explosives", Preprints of 
Ninth Symposium (1nternationa.J) en DetbnatiQn, 1989'. ' r ' ,  

. .  
.: 7 i. ,, : ; " c ' ,  . .! i '  3' 

8 .  , .  . . .  
' I  1 , . , I  3. . i !,I' . ; I j .  ,,;. . .  . 

DiPLrsio R. andi $imon 3 ,  , "The Penetration Stknd~ff..Rela.~ionship 
for-Idealised Shaped Charge .Jets*, BRL Report'IBRL 1 5 4 2 ,  1964. 

1370 
% a .  . 4 , . ~ , ..',. I .  . 



&. 

7 

8. Chick M., Bussell T.J. and McVay L., "Terminal Effects of Shaped 
Charge Jets on Thick Cased Munitions", Proceedings of 11th 
International Symposium on Ballistics, 1989. 

9. Howe P . ,  "The Phenomenology of Interround Communication and 
Techniques for Prevention", BRL Report ARBRL-TR-02048, 1978. 

10. Howe P., Watson J.L. and Frey, R . B . ,  "The Response of Confined 
Explosives Charges to Fragment Attack", Proceedings of Seventh 
Symposium (International) in Detonation, NSWC MP 8 2 - 3 3 4 ,  1981. 

11. Bussell T.J., Box P. and Marian F., Paper in course of 
publication. 

1371 



, 

Stat 

105 

idoff tube 

~ .. . 

m f i  shell 

-Added steel 

SET-UP FOR USING A SUBCRI& SHAPED CHARGE JET 
TO VMLENTLY DEFLAGRATE A.%S SHELL FILLING 

. I ,  

. 4:) : .  
I 1372 



c 

, 

. .. 

FIGURE 2 

RECOVERED FRAGMENTS AND WITNESS PLATE 
FROM VIOLENT DEFLAGRATIO?! OF 105 mm COMPOSITION B 
FILLED SHELL 



0 
M 



; I 

! Plan view 

' 3 ;  , . , .  %'FIGURE 4 .  . 

i SET-UP 'FOR .&ax DEFLAGRATING DONOR - MULTIPLE 
ACCEPTOR'!'fESTS . - ,  ,! I . ' .  

. .  

. .  I ,;:i.;: . r ' : ! I * ,  ' ' 
1375 , -  

( i  : : i  . 1 .  ' ! I . ,  







FIGURE 8. 

IPACT 

. 

. c 

L 4 

'! 

-1378 



EBW detonator 

Standoff tube 

Added steel 

Shaped charge 

Stand -------+ 

- 

105 mm shell 

Si eel wit ncss 
ti Ioc k s  

.j: . 1  



EBW detonator 

Shaped charge 

Added steel - 

105 mm shell 

Stand - 

-I Steel baffle 

-Standoff tube 

-~ Steel witness 
blocks 

~ ~ -- = I  - I - -  - - '  

. . I  I I c 

.-. 
:. -,. 

A 



Shaped charge jets .~ 
i \ 

Expanding ~ 

shell case 1 

Deflagration ./ 
front 

FIGURE 11. 
ILLUSTRATION OF DEFLAGRATING 

~ ~~ 

Def la gra t i on 
front 

Transmitted wave 
from adjacent shell 

SHELL INTERACTION 
, I .  1381 




